Epidemiological evidence shows an association between hearing loss and dementia 3 8 in elderly people. However, the mechanisms that connect hearing impairments and 3 9 cognitive decline are still unknown. Here we propose that a suprathreshold auditory-nerve 4 0 impairment is associated with cognitive decline and brain atrophy. Methods: audiological, 4 1 neuropsychological, and brain structural 3-Tesla MRI data were obtained from elders with 4 2 different levels of hearing loss recruited in the ANDES cohort. The amplitude of waves I 4 3 (auditory nerve) and V (midbrain) from auditory brainstem responses were measured at 80 4 4 dB nHL. We also calculated the ratio between wave V and I as a proxy of a suprathreshold 4 5 brainstem function. Results: we included a total of 101 subjects (age: 73.5 ± 5.2 years 4 6 (mean ± SD), mean education: 9.5 ± 4.2 years, and mean audiogram thresholds (0.5-4 4 7 kHz): 25.5 ± 12.0 dB HL). We obtained reliable suprathreshold waves V in all subjects 4 8
0.94 × 0.94 × 0.9 mm3. T2-weighted turbo spin echo (TSE) (4500 TR ms, 92 TE ms) and 1 4 8 fluid attenuated inversion recovery (FLAIR) (8000 TR ms, 94 TE ms, 2500 TI ms) were 1 4 9 also collected to inspect structural abnormalities. A total of 440 images were obtained other [30] . Based on the brain regions that have been previously studied in presbycusis 1 7 0 [10, 31] our regions of interest (ROI) were bilateral frontal, inferior, middle, superior and 1 7 1 transverse temporal gyri, and parietal cortex. We also included as regions of interest, 1 7 2 cortical areas that have been implicated in the neural networks of degraded speech precentral and postcentral gyri [9, 11, 32] . Possible correlations between cognitive tests and audiological functions were The mean age of the 101 studied subjects was 73.5 ± 5.2 years with a mean 1 8 7 education of 9.5 ± 4.2 years, and mean PTA of the better hearing ear of 25.5 ± 12.0 dB HL. A demographic description of the 101 subjects that completed the auditory, 1 8 9 neuropsychological, and MRI evaluations is presented in Table 1 . As one of our 1 9 0 recruitment criteria was that subjects were not using hearing aids, the majority of the the educational level was not correlated with PTA thresholds (Spearman, rho=0.0622, 1 9 7 p=0.536) ( Figure 1A , D). Regarding supra-threshold ABR responses, we obtained measurable waves V at 80 1 9 9 dB nHL in the 101 subjects of this study, while wave I was obtained in 92 of these subjects 2 0 0 (91.1%). The average amplitudes of wave I and V were 0.120 ± 0.070 μV and 0.369 ± 2 0 1 0.129 μV respectively, while mean latencies were 5.71 ± 0.39 ms for wave V and 1.56 ± 2 0 2 0.14 ms for wave I. We found a significant correlation between the amplitude of wave I and 2 0 3 wave V (Figure 2A , rho=0.323, p=0.001), while there were no correlations between the 2 0 4 supra-threshold amplitudes of ABR waves I and V and age and audiogram thresholds 2 0 5 ( Figure 1B , C, E, F). In addition, there were non-significant differences in the amplitude of we also obtained non-significant effects when comparing control and hearing loss subjects 2 1 0 8 (controls: n=55, 0.394 ± 0.134 μV; hearing loss; n=46, 0.340 ± 0.118 μV, F(1,96)=3.82, p= 2 1 1 0.054, ANCOVA controlled for age, education and gender).
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We also calculated the ratio between waves V and I which has been used as a 2 1 3 measure of hidden hearing loss in previous studies [16, 19] . The average wave V/I ratio was 2 1 4 4.5 ± 3.9 (interquartile range 2.24 -5.21). There was an asymmetric distribution of the 2 1 5 wave V/I ratio as a function of wave I amplitude, denoting that wave V/I ratios for wave I 2 1 6 amplitudes below 0.15 μV were significantly larger than for those above 0.15 μV (Mann-
Whitney, p<0.001) ( Figure 2B , Table 2 ). Non-significant correlations were obtained 2 1 8 between age and audiogram thresholds with the wave V/I ratio (not shown). In addition, 2 1 9 there were non-significant differences in the wave V/I ratio when comparing subjects with 2 2 0 hearing loss (n=46, 4.7 ± 4.2) with those with normal audiogram thresholds (n=55, 4.4 ± 2 2 1 3.7, F(1,96)=0.42, p=0.519, ANCOVA controlled for age, education and gender). As the increased wave V/I ratio might be reflecting a compensatory midbrain gain 2 2 3 increase of wave V responses in the group with wave I < 0.15 μV, we divided data 2 2 4 according to the amplitude of wave I into two groups: (i) those with wave I responses 2 2 5 smaller than 0.15 μV (n=68) and (ii) those with wave I responses larger than 0.15 μV 2 2 6 (n=33). Table 2 shows demographic, audiological and neuropsychological data comparing 2 2 7 these two groups with different wave I amplitudes. There were no differences in age, 2 2 8 education and hearing thresholds (assessed by audiogram and DPOAEs) between these two 2 2 9 groups. Next, we performed partial Spearman correlations in the whole sample (n=101) 2 3 7 between ABR and cognitive tests, corrected by age, education, gender and audiogram 2 3 8 thresholds. The only cognitive tests that showed significant correlations with the amplitude 2 3 9 9 of supra-threshold wave I were those that measure processing speed: the TMT-A time (Table 3) . We performed partial Spearman correlations between the suprathreshold amplitudes 2 4 5 of wave I and V responses with all the cortical volumes and thickness of the ROIs in the 2 4 6 brain (corrected by age, education, gender and audiogram thresholds). Non-significant 2 4 7 differences were found when analyzing cortical volumes in all the ROIs between the two 2 4 8 groups with different supra-threshold ABR amplitudes (data not shown). We found 2 4 9 significant Spearman correlations between the amplitude of wave I and thickness of 2 5 0 bilateral middle and inferior temporal cortex ( Figure 4 , Table 4 ). We also found significant 2 5 1 correlations between wave I amplitude and right posterior cingulate and medial 2 5 2 orbitofrontal cortices thickness, and for left inferior and transverse temporal cortices ( Table   2 5 3 4). Regarding wave V, we only found a significant correlation between left inferior and 2 5 4 transverse temporal cortices. Here we give evidence that a reduced amplitude of suprathreshold auditory nerve 2 5 8 responses (wave I) is associated with slower processing speed (TMT-A, digit symbol) and 2 5 9 thinner bilateral temporal cortex in non-demented elderly humans. In addition, we show 2 6 0 that the wave V/I ratio as a function of wave I amplitude yielded an asymmetric 2 6 1 distribution, suggesting a midbrain compensatory gain increase for reduced suprathreshold 2 6 2 auditory nerve responses. Although, in our data we did not find any significant correlation between the 2 6 5 suprathreshold amplitudes of waves I and V with age (Figure 1) , these results should be 2 6 6 taken carefully, as the range of age of our subjects was between 65 and 85 years, and 2 6 7 probably if we extend the range of age to younger subjects, it is very likely that we would 2 6 8 1 0 find significant age effects. Indeed, previous studies performed in animals [33, 34] as well 2 6 9 as in humans [35] [36] [37] found significant reductions in wave I amplitudes with age. In our study we also found that the amplitudes of suprathreshold ABR responses 2 7 1 were not associated with audiogram thresholds (PTA calculated between 0.5 and 4 kHz), 2 7 2 suggesting that auditory thresholds and suprathreshold functions are independent measures 2 7 3 of auditory processing. In this line, we previously showed that a deteriorated hearing here we show that a reduced amplitude of suprathreshold auditory nerve responses is not 2 7 7 associated with deteriorated executive function, but with slower processing speed (longer 2 7 8
TMT-A latencies and worse digit symbol scores) and thinner temporal cortex. These findings suggest that the impairment of different auditory functions (threshold and 2 8 0 suprathreshold) could affect different brain structures and cognitive domains. We found an increased wave V/I ratio in the group with reduced suprathreshold 2 8 3 auditory nerve responses (<0.15 μV), which was independent of age and hearing 2 8 4 thresholds. The gain increase of midbrain responses is also supported by the fact that the 2 8 5 amplitudes of wave V responses were similar between the two groups with different wave I 2 8 6 amplitudes (Table 2) . Thus, the preserved amplitude of suprathreshold wave V responses in 2 8 7 the group with reduced wave I could be reflecting a compensatory gain increase in the 2 8 8 midbrain. A similar mechanism has been proposed for peripheral de-afferentation [16,38] . Moreover, animal models have shown that cochlear de-afferentation is sufficient for that the effects of peripheral de-afferentation can also affect cortical processing. Here we 2 9 2 show in humans, that the group with reduced auditory nerve amplitudes has structural brain 2 9 3 changes that were located bilaterally in the middle and inferior temporal cortex, and in the 2 9 4 posterior cingulate cortex of the right hemisphere. cingulate cortex atrophy [9] [10] [11] [12] 40, 41] . Here we extended these results, showing that in 2 9 8 addition to audiogram threshold elevation, reduced suprathreshold amplitudes of auditory 2 9 9 nerve responses are associated to a reduction of the thickness of bilateral middle and 3 0 0 inferior temporal cortices, and right posterior cingulate cortex. Importantly, in the present 3 0 1 study, we showed significant reductions in the cortical thickness, but not in the cortical 3 0 2 volume of these regions. These results suggest that the cortical thickness is a more sensitive 3 0 3 measure than cortical volume loss for evidencing brain atrophy related to suprathreshold 3 0 4 auditory impairments. In addition, our data show that these structural brain changes can be 3 0 5 present in earlier stages of presbycusis, or even in subjects with normal hearing (at least as In a previous work [9] , we demonstrated that reduced PCC thickness was correlated 3 0 8 with worse auditory thresholds in patients with presbycusis and cochlear dysfunction, suggesting that the atrophy of the right PCC is related to hearing loss. Here, we showed 3 1 0 that a reduction in the cortical thickness of the right PCC is also associated with 3 1 1 suprathreshold hearing impairments, suggesting that PCC atrophy is related to hearing impairments with cognitive decline in presbycusis. Previous evidence has shown that worse audiogram thresholds [10, 43] or an 3 1 9 alteration of the cochlear function as evidenced by loss of DPOAE [9] are associated with 3 2 0 executive dysfunction, memory loss and global cognitive decline. In addition to these 3 2 1 associations, here we show that reduced suprathreshold auditory-nerve responses are 3 2 2 associated to slower processing speed, as evidenced by TMT-A responses (Figure 3 , Table   3  2  3 3) and digit symbol performance (Table 3) , cognitive tests which do not rely on auditory influenced by the aging process, but also by sensory impairments [44] . One speculative 3 2 6 1 2 explanation for the association between reduced amplitude of auditory-nerve responses and 3 2 7 slower processing speed could be related to the physiological aging process, resulting in 3 2 8 loss of synapses at different levels of the nervous system [45] . In this sense, we can propose 3 2 9 that due to the aging process, the loss of synapses between the inner hair cells and auditory together, the present and our previous findings [9] suggest that thresholds and 3 4 5 suprathreshold hearing impairments are associated with different types of cognitive 3 4 6 functions and brain structural changes. 
